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Role of vasopressin in the impaired water excretion of gluco-
corticoid deficiency. The mechanism whereby glucocorticoid
deficiency impairs renal water excretion was studied in the
conscious mineralocorticoid-replaced, adrenalectomized rat.
Control animals received physiologic replacement with pred-
nisolone, and experimental animals were deprived of gluco-
corticoid hormone for either 1 or 14 days. The control animals
excreted 95 1.9% of an acute water load (30 mI/kg) in 3 hours, a
value significantly higher than the volume excreted by animals
deprived of glucocorticoid hormone for 1 day (70.0 3.6%, P <
0.01) and 14 days (40.0 3.9%, P < 0.01). Following the acute
water load, plasma vasopressin levels, as measured by radioim-
munoassay, was 1.08 pg/ml in the control rats, a value signifi-
cantly lower than values obtained after the water load in rats
deprived of glucocorticoid hormone for 1 day (2.5 0.2 pg/ml, P
<0.01) and 14 days (2.4 0.3pg/ml, P <0.01). To further exam-
ine the effect of plasma vasopressin in the impaired water excre-
tion of glucocorticoid deficiency, we performed studies in
Brattleboro rats with central diabetes insipidus. In these animals
with absence of vasopressin, a defect in water excretion was ob-
served after 14 days, but not 1 day, of glucocorticoid deficiency.
In Sprague-Dawley rats, the impaired water excretion after 14
days of glucocorticoid deficiency was associated with a signifi-
cantly lower cardiac index (209 14 vs. 291 II mi/mm/kg, P <
0.01) and renal blood flow (3.8 0.3 vs. 5.7 0.2 ml/min/g, P <
0.01) than that observed after 1 day of glucocorticoid deficiency.
In diabetes insipidus rats, after 14 days of glucocorticoid defi-
ciency, the percentage of an acute water load excreted (121 7%
vs. 158.7 7.0%, P < 0.01) was lower than that observed after I
day of glucocorticoid deficiency. In summary, the present results
indicate that glucocorticoid deficiency impairs renal water excre-
tion by both vasopressin-dependent and vasopressin-independ-
ent mechanisms. The vasopressin-independent renal mechanism
is associated with a marked decrease in both systemic and renal
hemodynamics.
Role de Ia vasopressin dana le deficit d'excrétion de l'eau au
cours du deficit en glucocorticoldes. Le mécanisme par lequel le
deficit en glucocorticoIdes altère l'excrCtion rCnale de l'eau a été
Ctudié chez le rat conscient, surrénalectomisé, recevant des
minéralocorticoIdes. Les animaux contrôles recevaient des
doses physiologiques de prednisolone alors que les animaux ex-
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périmentaux étaient privés de glucocorticoIdes pendant I ou 14
jours. Les animaux contrôles excrètent 95 1,9% d'une charge
en eau (30 mi/kg) en 3 heures, valeur significativement supé-
rieure a celle observée chez les animaux privés de glucocor-
ticoIdes depuis 1 jour (70,0 3,6%, P < 0,01) et l4jours (40,0
3,9%, P < 0,01). Après une charge en eau, la concentration
plasmatique de vasopressine, measurée par radio-immunologie,
est de 1,08 pg/mI chez les contrôles, valeur significativement in-
férieure a celle obtenue chez les rats privés de glucocorticoIdes
depuis 1 jour (2,5 0,2 pg/mI, P < 0,01) et l4jours (2,4 0,3 pg/
ml, P < 0,01). Afin de mieux Cvaluer l'effet de la vasopressine
plasmatique dans le défaut d'excrétion de l'eau au cours du défi-
cit en glucocorticoIdes, des rats Brattleboro atteints de diabète
insipide central ont etC Ctudiés. Chez ces animaux dCpourvus de
vasopressine un deficit de l'excrétion de l'eau a été observe
après 14 jours, mais pas après un jour, de défaut de glucocor-
ticoIdes. Chez des rats Sprague-Dawley, l'altCration de
l'excrCtion de l'eau après 14 jours de défaut de glucocorticoIdes
est associée a une diminution significative de l'index cardiaque
(209 14 contre 291 11 ml/minlkg, P < 0,01) et du debit san-
gum renal (3,8 0,3 contre 5,7 0,2 mllmin/g, P < 0,01) par
rapport aux valeurs obtenues après un jour de dCfaut de gluco-
corticoides. Chez les rats atteints de diabCte insipide, après 14
jours de deficit en glucocorticoIdes, Ia fraction excrétée d'une
charge en eau (121 7% contre 158,7 7.0%, P < 0,01) est
inferieure a celle observée aprCs un jour de deficit. En con-
clusion, ces résultats indiquent que le défaut de glucocorticoIdes
altère l'excrétion rénale d'eau par des mécanismes a Ia fois dé-
pendants et indépendants de Ia vasopressine. Le mécanisme ré-
nal indépendant de la vasopressine est associé a une diminution
importante des debits sanguins cardiaque et renal.
Adrenal insufficiency has long been known to be
associated with impaired water excretion, and the
potential mechanism(s) responsible for this defect
have been the subject of numerous investigations.
Although early studies suggested that the defect in
water excretion could be corrected by either vol-
ume expansion or glucocorticoid hormone replace-
ment [1—3], recent investigations in the conscious,
trained dog have demonstrated that impaired water
excretion in adrenal insufficiency is multifactorial in
nature. In this regard, mineralocorticoid deficiency
in the absence of a glucocorticoid deficit has been
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demonstrated to impair water excretion by mecha-
nisms activated through extracellular fluid volume
depletion, including arginine vasopressin (AVP) re-
lease and impaired renal hemodynamics [4, 5]. In
addition, mineralocorticoid-replaced, glucocorti-
coid-deficient adrenalectomized dogs also had an
impairment in water excretion [2, 6] associated with
a failure to suppress AVP levels [6]. This deficit in
water excretion associated with glucocorticoid defi-
ciency was associated with diminished cardiac
function, a factor that may have triggered nonos-
motic AVP release [6]. In addition to studies in the
glucocorticoid-deficient dog, there is other evidence
implicating an important role for glucocorticoid in
the impaired water excretion of adrenal in-
sufficiency. Specifically, anterior hypopituitarism in
man is associated with impaired water excretion in
spite of normal mineralocorticoid activity [7]. Fur-
thermore, lesions of the neurohypophysis in man
produce the clinical syndrome of diabetes insipidus
only in the presence of a functional anterior lobe of
the pituitary gland [8, 9]. Moreover, the administra-
tion of cortisone or corticotropin has been shown to
restore diabetes insipidus to patients with combined
anterior and posterior hypopituitarism [9].
These above observations have clarified consid-
erably the defect in water excretion in adrenal in-
sufficiency. Independent roles of mineralocorticoid
and glucocorticoid hormone deficiency have be-
come apparent, and the role of AVP in each defect
has been incriminated by the use of a sensitive ra-
dioimmunoassay technique. Nevertheless, the find-
ing of an increase in vasopressin levels does not
provide sufficient evidence that a defect in renal wa-
ter excretion in glucocorticoid deficiency is solely
vasopressin mediated because it by no means pre-
cludes an additional primary renal defect. The re-
sults of an important study by Green, Harrington,
and Valtin [10] support this supposition. Green et al
[10] studied AVP-deficient Brattleboro rats after 14
days of glucocorticoid deficiency and found an im-
paired response to an acute water load, thus impli-
cating an AVP-independent mechanism. Systemic
and renal hemodynamics were not assessed in this
study, probably because this is a difficult under-
taking in conscious rats. The present study, there-
fore, was undertaken in normal and Brattleboro rats
to (1) examine whether the rat has AVP-dependent
as well as AVP-independent pathways of water im-
pairment in the glucocorticoid-deficient state, (2)
assess the relative importance and temporal rela-
tionship between any AVP-dependent and AVP-in-
dependent pathways, (3) assess the cause of the in-
crease in AVP, and (4) identify the factors that me-
diate any AVP-independent pathway.
Methods
Male Sprague-Dawley (SD) rats and male rats of
the Brattleboro strain with hereditary hypothalamic
diabetes insipidus (DI), each weighing 150 to 200 g,
were used for the study.
Rats were adrenalectomized through bilateral ret-
roperitoneal flank incisions. For the first post-
operative week all rats were maintained on 0.9%
sodium chloride with free access to commercial rat
chow. In addition, DI rats received i.m. 100 mU!
day of vasopressin (Pitressin® tannate in oil, Parke
Davis, Detroit, Michigan). After a recovery period,
the vasopressin was discontinued, the 0.9% sodium
chloride was replaced by deionized water, and 500
g of desoxycorticosterone acetate (DOCA), i.m.,
and 100 g of prednisolone, s.c., was given on a daily
basis. No protocol was begun until after 7 days of
combined DOCA and prednisolone administration.
DOCA was continued throughout the study in all
rats, but prednisolone was withdrawn from the ex-
perimental glucocorticoid-deficient animals. The
following experimental protocols were undertaken.
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on oral and intra-
venous water excretion in rats with an intact neuro-
hypophysis. To elucidate the nature of the defect in
water excretion caused by glucocorticoid defi-
ciency in rats with intact vasopressin secretory abil-
ity, we performed serial water loads. On each occa-
sion water loading was performed 2 hours after food
and water were removed. Animals were lightly
anesthetized with ether, and following abdominal
massage to assure emptying of their bladders, an or-
al water load (30 ml/kg of body wt of tepid deionized
water) was administered by gastric tube. The ani-
mals were then allowed to awaken and were placed
in individual metabolic cages where each spontane-
ously voided urine sample was collected. After 3
hours, following abdominal massage, a final urine
sample was obtained. The total volume excreted
was recorded, and the sample with the lowest uri-
nary osmolality (U01) was recorded as the minimal
Uosm.
Sixteen SD rats (group 1) were studied in this pro-
tocol. Each animal received oral water loads on
four different occasions: (1) glucocorticoid replete
(2 hours following the administration of predniso-
lone), (2) 24-hour glucocorticoid deficient (24 hours
following administration of prednisolone), (3) 14-
day glucocorticoid deplete, and (4) again in the
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glucocorticoid-replete state following the adminis-
tration of prednisolone for 3 days to 14-day gluco-
corticoid-depleted rats. At least 72 hours were al-
lowed between water loads in each rat. In each rat,
the results of water loads in both glucocorticoid-re-
plete states were comparable. Thus, the mean of the
two studies is presented in the Results section. In a
separate group of 12 SD rats, the results of water
loading were not found to be influenced by repeat
water loads separated by 72 hours. For subsequent
studies, no rat was used before demonstrating im-
paired water excretion 24 hours after glucocorticoid
withdrawal.
To eliminate the possibility that any defect in wa-
ter excretion was related to a decrease in water ab-
sorption from the intestine, we administered i.v.
hypotonic solutions to a separate group (group 2) of
rats in the glucocorticoid-replete state (N = 6) or
after 24 hours (N = 6) or 14 days (N = 6) of gluco-
corticoid deficiency. Following brief, light ether
anesthesia, catheters were placed in the jugular
vein, carotid artery, and urinary bladder. The ani-
mals were allowed to awaken and recover in re-
straining cages. Following 1 hour of recovery, in-
ulin in 0.9% sodium chloride (4%) was infused at a
rate of 25 /Ll/min. After 45 mm, an i.v. water load
equivalent to 5% body weight was administered as
2.5% dextrose in water over 30 mm. Three timed
urine collections and a midpoint blood sample were
obtained, and the blood was replaced with an equal
volume of 0.9% sodium chloride. Each animal was
then infused with 0.45% saline at 0.5 mI/mm to ex-
amine whether any defect in water excretion could
be corrected by volume expansion. No animal had
glycosuria or hemolysis. During each infusion, the
lowest Uosm was used for comparisons, and GFR,
estimated by the clearance of inulin, was deter-
mined.
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on plasma arginine
vasopressin levels. To correlate the changes in
plasma vasopressin with any observed disturbances
in water excretion, we obtained plasma for vaso-
pressin from another group of SD rats (group 3) in
the glucocorticoid-replete state (N = 6) and after 24
hours (N = 6) and 14 days (N = 6) of glucocorticoid
deficiency. In this study, animals were water load-
ed, and 60 mm later they were sacrificed by guillo-
tine. Free-flowing blood issuing from the trunk was
collected in coded, chilled, heparinized tubes and
centrifuged at 00 C. Aliquots of plasma were ana-
lyzed for sodium and osmolality. The remaining
plasma was stored at —20° C and subsequently as-
sayed for AVP by one of the investigators (G.L.R.)
in a blinded manner.
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on water excretion in
Brattleboro rats with the congenital absence of
vasopressin. To determine the contribution of
plasma vasopressin levels to the defect in water ex-
cretion, we performed serial water loads in 7 adre-
nalectomized rats with congenital DI. These rats
were treated identically to their SD controls with
the exception that these animals received vasopres-
sin (Pitressin® tannate in oil, 100 mU/day) until 72
hours prior to each water loading. In subsequent he-
modynamic protocols, all DI rats were shown to
have a defect in water excretion at 14 days of gluco-
corticoid deficiency prior to being used for study.
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on blood volume and
systemic and renal hemodynamics. Blood volume
was determined in another group of SD rats (Group
4) in the glucocorticoid-replete state (N = 8) and
after 24 hours (N = 8) and 14 days (N = 8) of gluco-
corticoid deficiency by methods using iodine 125
described by Thiel et al [11] and Flamenbaum et al
112]. A precise volume of human serum albumin la-
beled with iodine 125 (Malinckrodt Inc., St. Louis,
Missouri) diluted in isotonic saline was given i.v.
with a micrometer syringe, and the catheter was
flushed with 0.2 ml of saline. The total radioactivity
of the administered dose was determined by deliv-
ering at least two identical volumes into counting
tubes. The range of these two samples was less than
3%. Twenty minutes after the injection, 0.4 ml of
blood was withdrawn from a carotid artery pre-
viously cannulated with a heparinized syringe. He-
matocrits were determined in duplicate samples,
and at least two 0. l-ml samples were obtained for
isotope counting in a gamma spectrophotometer
(Beckman).
In another group of SD rats (group 5), cardiac in-
dex, systemic vascular resistance, renal blood flow,
and renal vascular resistance were determined by a
radioactive microsphere technique that was de-
scribed originally for rats by Hsu, Kurtz, and Wal-
dinger [13]. The microspheres were 8.8 0.9 in
diameter and were labeled with strontium 85. Stud-
ies were performed in glucocorticoid-replete (N =
12), 24-hour glucocorticoid-deplete (N = 8), and 14-
day glucocorticoid-deplete SD rats (N = 8). In addi-
tion, hemodynamic studies were performed in
glucocorticoid-replete (N = 8), 24-hour glucocorti-
coid-deplete (N = 6), and 14-day glucocorticoid-de-
plete DI rats (N = 6). In preliminary studies in con-
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scious, intact SD rats, we determined that renal
blood flow and renal vascular resistance were com-
parable with 8.8-p. and l5- microspheres. In fur-
ther studies in 5 anesthetized rats, we obtained con-
tinuous collection of renal venous blood for 2 mm
following left ventricular injection of 8. 8- micro-
spheres. Counts obtained on this renal venous
blood were not different from background counts.
Sodium was determined by flame photometry;
and inulin, by standard autoanalyzer methods [14].
Osmolality was determined by cryoscopy with an
osmometer (Advanced instrument, model 3L).
Antidiuretic hormone was measured by radioimmu-
noassay as previously described [15]. This assay
procedure can measure plasma AVP at concentra-
tions as low as 0.5 pg/mi in sample volumes of 1 ml.
Statistical analyses were performed by the analysis
of variance with the Duncan's modification for mul-
tiple comparisons. A P value <0.05 was considered
significant. Data are expressed as the means SEM.
Results
Effect of short-term (24 hour) and prolonged (/4
day) glucocorticoid deficiency on oral and intra-
venous water excretion in rats with an intact neuro-
hypophysis (group 1) (Fig. 1). All animals received
mineralocorticoid replacement throughout the
study. The rats tolerated well the 14 days of gluco-
corticoid deficiency. Glucocorticoid-deplete ani-
mals appeared normal and continued to eat. Al-
though glucocorticoid-deplete animals gained
weight, the daily weight gain was less than it was in
glucocorticoid-replete animals (3.4 vs. 5.8 g/day, P
< 0.001). Glucocorticoid-replete animals excreted
97.1 1.9% of a water load with a minimum Uosm of
104.2 5.0 mOsm/kg. After 24 hours of glucocorti-
coid deficiency, there was a marked defect in water
excretion (70.1 3.5% excreted, 270.0 12.5
mOsm/kg minimum Uosm; both P < 0.01 vs. control
rats). After 14 days withdrawal of glucocorticoid,
the defect in water excretion was even more pro-
nounced (40.0 3.9% excreted, 549.6 33.8
mOsm/kg minimum Uosm; both P < 0.01 vs. control
and 24 hours of glucocorticoid deficiency).
To eliminate the possibility that the defect in wa-
ter excretion observed in glucocorticoid-deplete SD
rats was related to a decrease in intestinal water ab-
sorption, we administered i.v. hypotonic solutions
to a separate group of rats (group 2). Following i.v.
water loading, there was a significantly higher mini-
mum Uosm in both 24-hour glucocorticoid-deplete
(Uosm, 393 60 mOsm/kg, P < 0.01) and 14-day
glucocorticoid-deplete (Uosm, 433 33 mOsm/kg, P
<0.01) rats when compared with glucocorticoid-re-
plete rats (Uosm, 126 9 mOsm/kg. In addition,
hypotonic volume expansion failed to normalize the
defect in minimum Uosm observed in glucocorticoid-
deplete rats (glucocorticoid-replete, 111 3 mOsm/
kg; 24-hour glucocorticoid-deplete, 330 19
mOsm/kg, P < .01; 14-day glucocorticoid-deplete,
471 58 mOsm/kg, P < 0.01).
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on plasma arginine
vasopressin levels (group 3) (Table 1). To determine
if increased vasopressin levels could account for the
Glucocorticoid replete G lucocorticoid deficient
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Fig. 1. Effect of an acute water load on minimum urinary os-
molality (U0,,.) and percentage excreted in glucocorticoid-re-
plete, 24-hour and 14-day glucocorticoid-deplete Sprague-Daw-
ley rats (N = 16 in each group).
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Table 1. Plasma arginine vasopressin levels 1 hour after a water load in glucocorticoid-replete and glucocorticoid-deplete rats (group 3)0
Plasma osmolality
mOsm/kg
Vasopressin levels
pg/mi
Glucocorticoid replete (N 6) 285 6 1.08 0.08
24-Hourglucocorticoid deplete (N = 6)
14-Day glucocorticoid deplete (N 6)
265 10
255 4b
2.53 0•22L,
2.37 0.29k
Values are the means SEM.
P <0.01 vs. control animals.
Table 2. Blood volume (group 4) and systemic hemodynamics (group 5) in glucocorticoid-replete and glucocorticoid-deplete
Sprague-Dawley rats0
Blood volume
mi/lOOg
Plasma volume
mi/JOOg
Mean arterial pressure
mm Hg
Cardiac index
mi/mm/kg
Systemic
vascular resistance
mm Hg/mi/mm/kg
Glucocorticoid replete 6.54
(8)
3.90
(8)
106.9
(12)
296.3
(12)
0.36
(12)
24-Hour glucocorticoid deplete 6.32
(8)
3.89
(8)
95.5
(8)
291.4
(8)
0.33
(8)
14-Day glucocorticoid deplete 6.57
(8)
4.02
(8)
98.3
(8)
209.5
(8)
0.48
(8)
P values:
Control, 24 hours NS NS <0.01 NS NS
Control, 14 days NS NS <0.05 <0.01 <0.01
24 Hours, 14 days NS NS NS <0.01 <0.01
Values are the means SEM. Numbers in parentheses denote the number of animals.
observed abnormalities in water excretion, we mea-
sured the plasma AVP levels following a water load
in glucocorticoid-replete, 24-hour, and 14-day
glucocorticoid-deplete animals. Although all of the
glucocorticoid-replete animals had a Uosm less than
150 mOsmlkg, only 3 of the 24-hour glucocorticoid-
deplete (Uosm > 250 mOsmlkg) and 2 of the 14-day
glucocorticoid-deplete (Uosm > 350 mOsmlkg) had
spontaneously urinated within 60 mi AVP levels
were significantly elevated in glucocorticoid-deplet-
ed animals after both 24 hours (2.53 0.22 pg/ml,
P < 0.01) and 14 days (2.37 0.29 pg/ml, P < 0.01)
when compared with glucocorticoid-replete animals
(1.08 0.08 pg/mi). This elevation of plasma AVP
levels occurred despite a lower plasma osmolality in
both groups of glucocorticoid-deplete animals,
thereby suggesting a nonosmotic stimulation of
vasopressin release.
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on blood volume
(group 4), GFR (group 2), and hemodynamics
(group 5) in rats with an intact neurohypophysis
(Tables 2 and 3). Whole blood and plasma volumes
were comparable in glucocorticoid-replete and
glucocorticoid-deplete animals. Compared with
glucocorticoid-replete animals, 24-hour glucocorti-
coid deficient rats had diminished cardiac indices
and systemic vascular resistance, which, although
not in themselves statistically significant, resulted
in a decrease in mean arterial pressure (106.9 2.4
vs. 95.5 2.1, P < 0.01). When compared with 24-
hour glucocorticoid-deplete rats, 14-day glucocorti-
coid-deplete rats had a significant decrease in car-
diac index (209.5 14.2 vs. 291.4 11.1 ml/min/kg,
P < 0.01) and a significant increase in systemic vas-
cular resistance (0.48 0.03 vs. 0.33 0.01 mm
Hg/mllmin/g, P < 0.01).
Compared with glucocorticoid-replete SD rats,
24-hour glucocorticoid-deficient animals had a
marked decrease in GFR (6.97 0.26 vs. 11.73
0.21 mllminlkg, P <0.01), but renal blood flow and
renal vascular resistance were unchanged. When
compared with 24-hour glucocorticoid-deficient rats,
14-day glucocorticoid-deplete rats had a comparable
decrease in GFR, but there was a significant decrease
in renal blood flow (3.77 0.33 vs. 5.71 0.15 mI/
min/g, P < 0.01) and a significant increase in renal
vascular resistance (27.13 2.07 vs. 16.79 0.57,
P < 0.01).
Effect of short-term (24 hour) and prolonged (14
day) glucocorticoid deficiency on water excretion in
animals with the congenital absence of vasopressin
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(Fig. 2). To determine the physiologic significance
of the elevated vasopressin levels seen in 24-hour
and 14-day glucocorticoid-deficient animals, we
carried out studies in DI rats. Glucocorticoid-re-
plete DI rats with hereditary absence of vasopressin
excreted 162% of a water load with a minimum Uosm
of 99.0 2.07 mOsm/kg. These values are similar to
values obtained in our laboratory with water load-
ing of nonadrenalectomized DI rats. After 24 hours
of glucocorticoid deficiency, water excretion was
identical to control animals (158.7% excreted; mini-
mum Uosm, 99.0 1.73 mOsmlkg). In contrast, after
14-day glucocorticoid depletion, a significant defect
in water excretion was present (121.0 6.8% ex-
creted, P < 0.01 vs. control, P < 0.01 vs. 24 hours;
minimum Uosm, 174.4 15.7 mOsmlkg, P < 0.01
vs. both control and 24-hour glucocorticoid-de-
plete). Thus, in the absence of vasopressin, water
excretion was normal after 24 hours of glucocorti-
coid deficiency, but after 14 days of glucocorticoid
depletion in DI rats, water excretion was de-
creased. These results thus incriminate a vasopres-
sin-independent mechanism of impaired water ex-
cretion after 14 days of glucocorticoid deficiency.
As compared with control DI rats, 14-day glucocor-
ticoid-deplete DI animals also had a marked de-
crease in mean arterial pressure, cardiac index, and
renal blood flow (Table 4).
Discussion
Although numerous studies in both man and ex-
perimental animals with adrenal insufficiency have
demonstrated a defect in water excretion, the mech-
anism of this defect has been debated for years [1-3,
16-28j. The present study was undertaken to eluci-
date the mechanism(s) whereby isolated glucocorti-
coid deficiency impairs renal water excretion. Sev-
eral aspects of the experimental design of the pres-
ent study are worthy of emphasis. Although the
mineralocorticoid-replaced adrenalectomized rat
was used as a model of isolated glucocorticoid defi-
ciency, by virtue of removing both adrenal glands,
the animals may also have been catecholamine
deficient. The possible consequences of combined
catecholamine and glucocorticoid deficiency are not
known at the present time. Animals were studied in
the conscious state to avoid anesthesia-induced
changes in systemic and renal hemodynamics.
Moreover, animals were adequately replaced with
mineralocorticoid hormone. This replacement is im-
portant because in some previous studies the sepa-
rate effects of mineralocorticoid and glucocorticoid
deficiency on renal water excretion have not been
dissociated [1, 16, 18, 19]. Studies were performed
following both short-term and prolonged glucocorti-
coid withdrawal. This is especially important be-
cause other studies have been performed only at
one point in time after glucocorticoid withdrawal,
and conflicting results have been interpreted as
being possibly due to the varying time of study [2, 6,
7, 10, 22-28]. By using a protocol evaluating water
excretion after both acute and chronic glucocorti-
coid withdrawal, we could reconcile the afore-
mentioned controversy. Moreover, by using AVP-
deficient Brattleboro rats, and by monitoring of re-
nal hemodynamics, we could estimate the relative
roles of AVP and renal factors on the defect in wa-
ter excretion.
The role of plasma AVP in the defect in water
excretion in glucocorticoid deficiency has been dif-
ficult to establish because of conflicting results of
studies using bioassay techniques to measure
Table 3. GFR (group 2) and renal hemodynamics (group 5) in glucocortic oid-replete and glucocorticoid-deplete Sprague-Dawley ratsa
Renal Renal
GFR blood flow vascular resistance
mi/mm/kg ml/min/g mm Hg/ml/min/g
Glucocorticoid replete 11.73
(6)
6.12
(12)
17.63
(12)
24-Hour glucocorticoid deplete 6.97
(6)
5.71
(8)
16.79
(8)
14-Day glucocorticoid deplete 6.68
(6)
3.77
(8)
27.13
(8)
P values:
Control, 24 hours <0.01 NS NS
Control, 14 days <0.01 <0.01 <0.01
24 Hours, l4days NS <0.01 <0.01
a Values are the means SaM.
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G lucocorticoid replete G lucocorticoid deficient
plasma antidiuretic activity [26—28]. Recently,
however, a sensitive radioimmunoassay has been
used on conscious, adrenalectomized, mineral-
ocorticoid-replaced dogs to assess the role of AVP
in the impaired water excretion in glucocorticoid
deficiency. Elevated radioimmunoassay titers of
plasma AVP were found in these glucocorticoid-
deficient animals [6]. These results implicated a role
for vasopressin in the impaired water excretion in
the glucocorticoid-deficient dog. Because a con-
scious, chronic model of central DI does not exist in
the dog, however, these results did not define the
contribution of the elevated vasopressin levels to
the defect in water excretion, and they did not ex-
clude an additional role of vasopressin-independent
factors in the impaired water excretion of glucocor-
ticoid deficiency.
The present results provide further insights into
the mechanism(s) of impaired water excretion asso-
ciated with glucocorticoid deficiency that are ex-
plicable without invoking species differences be-
tween the glucocorticoid-deficient dog and rat. In
the present study, an important role of plasma AVP
in the impaired water excretion associated with
glucocorticoid deficiency was demonstrated in the
rat. After 24 hours of glucocorticoid deficiency, a
defect in water excretion occurred, which was asso-
ciated with elevated levels of plasma AVP as mea-
sured by radioimmunoassay. This defect in water
excretion was accompanied by a diminished plasma
osmolality, an osmotic effect that alone should have
suppressed vasopressin release. These elevated
plasma levels of AVP were associated, however,
with a significant diminution in arterial pressure, a
known nonosmotic stimulus for vasopressin release
[29]. Similarly, after 5 to 9 days of glucocorticoid
deficiency in the dog, impaired water excretion and
nonosmotic release of vasopressin was assoicated
with a significant decrease in stroke volume [6]. In
neither the dog nor the rat were these alterations in
systemic hemodynamics associated with evidence
of extracellular fluid volume depletion, thus impli-
cating the known direct effect of glucocorticoid
deficiency on cardiac function [30-32].
The availability of Brattleboro rats suffering from
DI allowed further evaluation of the role of vaso-
pressin in the defect in water excretion observed al-
ter 24 hours of glucocorticoid deficiency. In these
animals, no defect in water excretion was observed
after 24 hours of glucocorticoid deficiency, thus
demonstrating that after this duration of glucocorti-
coid deficiency the defect in water excretion is to-
tally attributable to the nonosmotic release of vaso-
pressin. We noted, however, that after 2 weeks of
glucocorticoid deficiency in SD rats, the impair-
ment in water excretion was more severe than it
was after 24 hours of hormone deficiency, even
though the elevated levels of plasma AVP were no
higher than they were after 24 hours of hormone
deficiency (Table I, Fig. 1). This finding was highly
suggestive that there existed vasopressin-independ-
ent factors causing abnormal water excretion after 2
weeks of glucocorticoid deficiency. We performed
experiments, therefore, in Brattleboro rats with DI
to confirm the presence of a vasopressin-independ-
ent mechanism.
After 2 weeks of glucocorticoid deficiency in
Brattleboro rats, an impairment in renal water ex-
cretion was observed, a finding that confirms the re-
sults of Green, Harrington, and Valtin [10] Thus,
glucocorticoid deficiency in the rat is associated
with a vasopressin-dependent impairment in water
excretion that is apparent after 24 hours of hormone
deficiency and a vasopressin-independent factor
that is observed after 2 weeks of glucocorticoid
deficiency. The measurement of systemic and renal
hemodynamics in the present study provided fur-
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Fig. 2. Effect of an acute water load on minimum urinary os-
molality (U0,,) and percentage excreted in glucocorlicoid-re-
plete, 24-hour and 14-day glucocorticoid-deplete diabetes insip-
idus rats (N = 7 in each group).
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Mean
arterial pressure
mm Hg
Cardiac index
mt/mm/kg
Systemic
vascular resistance
mm Hg/mi/mm/kg
Renal
blood flow
mi/minlg
Renal
vascular resistance
mm Hg/ml/min/g
Glucocorticoid replete (N = 8) 115.4 305.0 0.38 6.11 19.0
24-Hour glucocorticoid deplete (N = 6) 103.0 309.0 0.34 6.08 16.8
14-Day glucocorticoid deplete (N = 6) 105.0 205.0 0.53 3.6 26.8
P values:
Control, 24 hours <0.01 NS NS NS NS
Control, 14 days <0.01 <0.01 <0.01 <0.01 <0.01
24 Hours, 14 days NS <0.01 <0.01 <0.01 <0.01
a Values are the means SuM.
ther information about the nature of the vasopres-
sin-independent defect in water excretion after 2
weeks of glucocorticoid deficiency. As already
mentioned, cardiac index was diminished signifi-
cantly as compared with either the glucocorticoid-
replete or 24-hour glucocorticoid-deplete state. This
lower cardiac index also occurred in the absence of
changes in blood volume and was associated with a
significant diminution in renal blood flow and an in-
crease in renal vascular resistance. Glomerular fil-
tration rate was, however, diminished to a com-
parable degree after 24 hours and 2 weeks of gluco-
corticoid deficiency; thus, although not measured in
the same animal, a higher filtration fraction was pre-
sumably present at 14 days versus 24 hours of
glucocorticoid deficiency. Because an increase in
filtration fraction and an increase in renal vascular
resistance are well-recognized mechanisms by
which distal nephron fluid delivery and urinary di-
luting ability can be impaired [33, 34], it is likely
that these changes in renal hemodynamics provided
the vasopressin-independent renal mechanism of
impaired water excretion in prolonged glucocorti-
coid deficiency. In support of this hypothesis is the
finding that, in the absence of vasopressin, both
minimum Uosm and urinary flow were impaired in
14-day glucocorticoid-deficient Brattleboro rats
(Fig. 2).
Also, a decrease in minimal Usm and urine flow
could be obtained if the collecting duct epithelium
became more permeable to water in the absence of
glucocorticoid hormone, a suggestion which has
been proposed previously by other authors [3, 24-
26]. A recent group of studies, however, do not pro-
vide support for this hypothesis. Specifically, gluco-
corticoid deficiency was not found to increase water
permeability in in vitro perfused collecting ducts
from papillae of adrenalectomized rats [35] or per-
fused collecting ducts from adrenalectomized rab-
bits [36]. Moreover, glucocorticoid deficiency after
2 to 4 days in the dog [7] and 24 hours in the rat
(present study) has been found to be associated
with normal water excretion, if extracellular fluid
volume depletion secondary to mineralocorticoid
deficiency is avoided. Thus, it would appear that
the vasopressin-independent mechanism of water
retention in 14-day glucocorticoid-deficient rats is
mediated indirectly through the effects of glucocor-
ticoid deficiency on systemic and renal hemo-
dynamics rather than through a direct effect on fluid
reabsorption by the kidney.
Conclusion. The present results in the rat demon-
strate that the impaired water excretion associated
with glucocorticoid deficiency is time dependent
and is mediated by both vasopressin-dependent and
vasopressin-independent pathways rather than by
either factor alone. The nonosmotic release of vaso-
pressin is detectable within 24 hours of glucocorti-
coid deficiency and is associated with known sys-
temic hemodynamic stimuli for vasopressin release.
After 2 weeks of glucocorticoid deficiency, a vaso-
pressin-independent defect in water excretion is de-
monstrable in Brattleboro rats with DI. This vaso-
pressin-independent defect in water excretion is as-
sociated with a significant decrease in cardiac
output, renal blood flow, and a significant rise in fil-
tration fraction. A decrease in distal fluid delivery
rather than an increased water permeability of the
collecting duct epithelium thus seems most likely to
account for this vasopressin-independent defect in
water excretion.
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